Introduction
============

The two faces of pain
---------------------

It is useful to distinguish between two basic types of pain; acute and chronic. Acute pain, for the most part, results from disease, inflammation, or injury to tissues. This type of pain generally comes on suddenly, for example, after trauma or surgery, and may be accompanied by anxiety or emotional distress. The cause of acute pain can usually be diagnosed and treated, and the pain is self-limiting -- that is, it is confined to a given period of time and severity. In some rare instances, it can become chronic.[@b1-jpr-7-149] Chronic pain is defined as persistent pain, which can be either continuous or recurrent, and of sufficient duration and intensity to adversely affect a patient's well-being, level of function, and quality of life.[@b2-jpr-7-149] A number of definitions of chronic pain have been described in published literature, ranging from persistent pain of at least 2 weeks duration, to continuing for longer than 6 months, to persistent pain that is not amenable to routine pain control methods.[@b3-jpr-7-149],[@b4-jpr-7-149] Given the debilitating effects of chronic pain and its impact on the quality of life, chronic pain is widely viewed by experts to represent a disease itself. It can also be made much worse by environmental and psychological factors. Chronic pain persists over a longer period of time than acute pain and in many cases may be resistant to routine medical treatments. It can and often does cause severe problems for patients. A person may have two or more coexisting chronic pain conditions such as osteoarthritis, rheumatoid arthritis, chronic low back pain, diabetic neuropathic pain, fibromyalgia, endometriosis, Crohn's disease, and ulcerative colitis.[@b3-jpr-7-149],[@b5-jpr-7-149]

Focus on chronic pain
---------------------

Pain is an enormous global health problem. Although the burden of chronic pain worldwide is underestimated, it is anticipated that one in five adults suffer from pain and that another one in ten adults (approximately 60 million) are each year diagnosed with chronic pain that falls in the moderate to severe category.[@b6-jpr-7-149],[@b7-jpr-7-149] Even children are not spared, with 15%--30% of children experiencing recurring or chronic persistent pain.[@b8-jpr-7-149] Pain that interferes with life also increases with age and in those with physically strenuous work or less education.[@b11-jpr-7-149] The prevalence of chronic pain, defined by duration, in the World Health Organization's (WHO) World Mental Health Surveys was 37% in developed countries and 41% for developing countries.[@b8-jpr-7-149] In one survey, 19% of the general adult population of Europe had moderate to severe chronic pain for a median of 7 years and one in five of those had suffered with chronic pain for over 20 years.[@b14-jpr-7-149] Age and sex variations in chronic pain prevalence are remarkably consistent across countries and populations.[@b8-jpr-7-149] In the North American population specifically, it is estimated that between 12%--25% of the population in the United States and between 15%--30% of the Canadian population experiences chronic pain.[@b7-jpr-7-149],[@b9-jpr-7-149],[@b10-jpr-7-149] In only about 1%--2% of the population with chronic pain does the pain result from different forms of cancer.[@b6-jpr-7-149]--[@b8-jpr-7-149]

Chronic pain impairs everyday activities and quality of life. Psychological morbidities are often observed among patients with chronic pain, which can include depression and suicidal ideations.[@b8-jpr-7-149] Chronic pain also carries a great economic burden.[@b6-jpr-7-149],[@b12-jpr-7-149] In a recent report from the United States, the estimated annual cost of chronic pain in adults including associated health care expenses and lost productivity was US\$560--630 billion annually. Similarly, the annual cost of chronic pain in Canada, including medical expenses, lost income, and lost productivity is estimated to exceed US\$10 billion annually, not accounting for social costs.[@b7-jpr-7-149],[@b9-jpr-7-149] The financial cost of chronic pain is estimated to be roughly the same as cancer or cardiovascular diseases.[@b8-jpr-7-149],[@b13-jpr-7-149]

The high prevalence and incidence of global chronic pain, its substantial and growing comorbidities, and its linkage with a myriad of social and economic determinants collectively provide ample justification for regarding pain as a public health priority. Three groups of conditions are large components of the burden of chronic non-cancer pain: osteo- and rheumatoid arthritis, injuries, and spinal problems.[@b13-jpr-7-149] Other causes include headaches, diabetic neuropathies, toxins (eg, alcohol), neurological disorders, stroke, and human immunodeficiency virus infection/acquired immunodeficiency syndrome (HIV/AIDS).

Chronic pain management
-----------------------

Non-malignant chronic pain is associated with physical, emotional, and financial disability. Patients with chronic pain are more likely than patients without chronic pain to utilize health care services. Patients with chronic pain report impairments of multiple quality of life measures, including physical, social, and psychological well-being.[@b8-jpr-7-149] In addition, patients with chronic pain experience coexisting symptoms of depression or anxiety that also influence health care.[@b6-jpr-7-149] This mixture of physical, emotional, and social abnormalities often complicates the management of patients with chronic pain. Treatment of chronic pain needs to address the physical pathology that initiated the chronic pain, as well as the important social and psychological sequelae of chronic symptoms. The goals of chronic pain management, therefore, should include reconditioning, reducing pain, and improving function, sleep, and mood. Although pain is rarely eliminated, treatment should be aimed at reducing daily pain levels, as well as the frequency, severity, and duration of pain flares. Treatment regimens generally involve a multidisciplinary approach utilizing education and medication together with physical, occupational, and behavioral therapy. It needs to be understood that pain has a physiologic basis, improved function is essential to decreased pain, and that chronic pain may not entirely resolve.

The WHO analgesic ladder[@b15-jpr-7-149] provides a framework that health care providers can use when developing treatment plans for patients suffering from chronic pain. The analgesic ladder proposes that Step 1 in the treatment of pain should begin with a simple, non-opioid analgesic (eg, acetaminophen or non-steroidal anti-inflammatory drugs \[NSAIDs\]). If pain is not adequately controlled, Step 2 calls for the introduction of a weak opioid analgesic to be considered for mild to moderate pain (eg, Tramadol or codeine). If treatment with the Step 2 analgesic is not sufficient, Step 3 advises that a stronger opioid may be introduced into the management regimen (eg, morphine, fentanyl). The analgesic ladder also includes the possibility of adding adjuvant treatments for neuropathic pain or for symptoms associated with cancer. [Figure 1](#f1-jpr-7-149){ref-type="fig"} presents the schema for the analgesic pain treatment ladder.

Although NSAIDs may be helpful with pain flares, it is recommended in most cases that they should not be used chronically on a daily basis given their associated significant side effects, including end-stage renal disease in two out of every 1,000 patients who use them daily for 5 years or more.[@b16-jpr-7-149],[@b17-jpr-7-149] The use of analgesic combination products is also associated with significant side effects. Chronic use of NSAIDS, aspirin, or acetaminophen is found be associated with hepatotoxicity, coagulopathy, end-stage renal disease, and death.[@b16-jpr-7-149],[@b17-jpr-7-149] Ulcer formation occurs in 2%--4% of chronic NSAID users every year.[@b16-jpr-7-149],[@b18-jpr-7-149] NSAIDs have also been associated with reducing the effectiveness of some antihypertensives (beta-blockers, angiotensin-converting enzyme inhibitors, and diuretics) and increasing the effect of sulfonylureas when used in conjunction with these drugs. These effects are generally prostaglandin-mediated and therefore not seen with Tramadol or opioids.[@b19-jpr-7-149],[@b20-jpr-7-149]

Materials and methods
=====================

The focus of this article is to review the attributes of the four once-daily extended-release formulations of Tramadol available in Canada and the United States for the management of chronic non-cancer pain. The review searched for the Tramadol formulations in the following databases, searching between 1966 and January 30, 2013: International Pharmaceutical Abstracts, PubMed, Embase, Health Canada websites, United States Food and Drug Administration websites, Drug Product Monographs, company websites, and other published sources of information available.

Focus on Tramadol
-----------------

### Development history

Tramadol was first marketed by Grünenthal GmbH. Stolberg, Germany in 1977.[@b23-jpr-7-149] Presently, immediate, extended-release, and injectable formulations of Tramadol are available in more than 75 countries, including the USA, Canada, United Kingdom, and the People's Republic of China.[@b23-jpr-7-149] On a worldwide level, the use of Tramadol corresponds to more than 823 million patient treatment days. This large worldwide clinical experience with both immediate-release and extended-release formulations has confirmed the efficacy of the analgesic effect of Tramadol in different painful diseases, as well as the relatively low incidence of adverse side effects. This same trend in efficacy and safety has been observed in numerous clinical trials and post-market experiences in large number of patient groups with chronic pain who were administered immediate and extended- or controlled-release Tramadol products in Canada and the United States.[@b24-jpr-7-149],[@b25-jpr-7-149]

In Canada and the United States, the following extended-release or long-acting formulations of Tramadol are available in the market, shown with their year of availability: Zytram XL® (2006; Purdue Pharma, Pickering, ON, Canada), Ralivia™ (2007; Valeant Pharmaceuticals, Laval, QC, Canada, trade name Ultram® ER in the US), Tridural® (2007; Labopharm Inc., Laval, QC, Canada), and Durela® (2012, trade name Conzip™ in US), (Cipher Pharmaceuticals Inc., Mississauga, Ontario, Canada).[@b26-jpr-7-149],[@b27-jpr-7-149]

Mode of action
--------------

Tramadol is a synthetic 4-phenyl-piperidine analog of codeine. Although Tramadol belongs to the opioid class of drugs, its mode of action is different from other opioid drugs. Tramadol is a "weak opioid" because of its relatively low affinity for μ-opioid receptors, which are the main therapeutic target for traditional opioid analgesics.[@b28-jpr-7-149] Furthermore, the analgesic activity of Tramadol is achieved with at least two complementary mechanisms of action -- binding of parent compound and its M1 metabolite (produced by liver O-demethylation) to the μ-opioid receptors and weak inhibition of the reuptake of norepinephrine and serotonin.[@b28-jpr-7-149]--[@b30-jpr-7-149] Selectivity for μ-opioid receptors has been demonstrated; the M1 metabolite of Tramadol shows a higher affinity for opioid receptors than the parent drug.[@b29-jpr-7-149] Nevertheless, this affinity for μ-opioid receptors of the central nervous system remains low, being 6,000 times lower than that of morphine. Moreover, and in contrast to other opioids, the analgesic and antinociceptive effects of Tramadol are only partially inhibited by the opioid antagonist naloxone, which suggests the existence of another mechanism of action. This was demonstrated by the discovery of a monoaminergic activity that inhibits noradrenaline (norepinephrine) and serotonin (5-hydroxytryptamine \[5-HT\]) reuptake, making a significant contribution to the analgesic action by blocking nociceptive impulses at the spinal level. This multimodal mechanism of action results in Tramadol's self-synergistic activity for achieving analgesia, but not for adverse reactions.[@b29-jpr-7-149] The recommended daily dose of immediate-release Tramadol is between 50 mg and 100 mg every 4 to 6 hours, with a maximum dose of 400 mg/day.[@b27-jpr-7-149] The half-life of immediate-release Tramadol taken orally is approximately 5--6 hours. Hence immediate-release Tramadol has to be taken several times, resulting in peaks and troughs of plasma levels of the drug. This fluctuation can lead to unpredictable pain control and an increased risk of adverse events that are associated with high peak plasma levels. Extended or controlled release formulations of Tramadol have been developed in order to deliver the drug in a more controlled and prolonged manner.[@b31-jpr-7-149]--[@b33-jpr-7-149] However, there are technology differences between formulations which -- although biologically similar -- result in differences in pharmacokinetics, drug-release patterns, and availability that may influence the adverse reaction profile between formulations.[@b34-jpr-7-149]

An ideal formulation of an analgesic for chronic non-cancer pain management, with special reference to once-daily Tramadol, would be to provide consistent pain control over a 24-hour dosing interval, fewer sleep interruptions, better quality of life, and increased compliance and convenience because of a simplified dosing regimen (including minimal dependence on being taken with or without meals), as well as a minimization of adverse events associated with peak drug levels. For the purposes of this review, four different formulations of once-daily extended or controlled release Tramadol are considered.

Opioid treatment and Tramadol
-----------------------------

The National Pain Centre of Canada guidelines for safe and effective use of opioids for chronic non-cancer pain have made recommendations for physicians deciding to initiate opioid therapy in patients; the Canadian Guideline for Safe and Effective Use of Opioids for Chronic Non-Cancer Pain has been available since 2010.[@b35-jpr-7-149] Recommendations in the guidelines state that before initiating opioid therapy, comprehensive documentation should be made on the patient's pain and general medical condition, as well as their psychosocial history, psychiatric status, and substance use history. It also recommends that physicians use screening tools such as the Opioid Risk Tool (ORT; National Pain Centre, McMaster University, Ontario, Canada) (accessible at <http://nationalpaincentre.mcmaster.ca/opioid/cgop_b_app_b02.html>) to help determine a patient's risk for opioid addiction; additionally, before initiating opioid therapy, evidence related to effectiveness in patients with chronic non-cancer pain should be considered. The American Pain Society guidelines (2009) recommend Tramadol in any phase of osteoarthritis as a single therapy or in a combination with acetaminophen or NSAIDs.[@b36-jpr-7-149] Similarly, the American College of Rheumatology guidelines (2012) on the management of osteoarthritis recommends Tramadol in patients for whom acetaminophen, NSAIDs, and COX-2 inhibitors are no longer effective.[@b37-jpr-7-149] The use of strong opioid analgesics for long-term management of chronic non-cancer pain is accepted, although it is still debated in medical practice.[@b4-jpr-7-149] They should be prescribed as part of a multimodal treatment plan, with the aim of pain relief and to facilitate rehabilitation.[@b37-jpr-7-149],[@b38-jpr-7-149]

Formulation profiles
--------------------

[Table 1](#t1-jpr-7-149){ref-type="table"} shows a summary profile of the four major once-daily, extended- and controlled-release Tramadol formulations approved in Canada and the United States.[@b26-jpr-7-149],[@b27-jpr-7-149]

Zytram XL
---------

Zytram XL, manufactured and marketed by Purdue Pharma Inc., (Pickering, ON, Canada), is available as 75 mg, 100 mg, 150 mg, 200 mg, 300 mg, and 400 mg controlled-release tablets. The published pharmacokinetic profile of the drug shows that following oral administration of one Zytram XL 200 mg tablet in the fasting state, the mean peak plasma concentration (C~max~) was 34% (dose adjusted) to that of a 100 mg dose of Tramadol given as an oral solution.[@b39-jpr-7-149] This was associated with a more prolonged time after administration when the maximum plasma concentration is reached (T~max~) (median 6 hours; range 4--8 hours) compared with the oral solution (median 1.5 hours; range 0.75--4 hours). The extent of absorption of Tramadol from the Zytram XL 200 mg tablet was equivalent to that of the 100 mg immediate-release Tramadol solution, after dose adjustment.[@b39-jpr-7-149] With respect to taking the drug with or without food, the monograph states that in the presence of food, the bioavailability and controlled release properties of Zytram XL tablets are maintained, with no evidence of dose-dumping.[@b39-jpr-7-149] The elimination half-life of Tramadol is approximately 6 hours, although this is extended to around 16 hours as a result of prolonged absorption from the Zytram XL tablets.[@b39-jpr-7-149]

With respect to the dose-proportionality of different strengths of Zytram XL, in a single dose study the dose-adjusted bioavailability of the 200 mg, 300 mg, and 400 mg tablets were equivalent, confirming a linear pharmacokinetic response with respect to both Tramadol and O-Desmethyl-Tramadol, over the 200--400 mg dosage strengths. In a steady state study, the dose adjusted bioavailability of the 150 mg and 200 mg tablets administered once daily were equivalent. The bioavailability of all strengths of Zytram XL is therefore dose-proportional.[@b39-jpr-7-149] A steady state study also confirmed that Zytram XL 150 mg tablets provided an equivalent peak concentration and extent of absorption of Tramadol as an immediate-release capsule 50 mg administered every 8 hours.[@b39-jpr-7-149] Interestingly, in contrast to other extended-release Tramadol formulations, the recommended initial dose for opioid-naïve patients is 150 mg of Zytram XL,[@b39-jpr-7-149] instead of the usual 100 mg every 24 hours for other formulations.

Ralivia (Canada)/Ultram ER (US)
-------------------------------

Ralivia/Ultram ER (Valeant Pharmaceuticals, Laval, QC, Canada) are available as 100 mg, 200 mg, and 300 mg tablets. Ralivia/Ultram ER tablets are manufactured using a novel polymer diffusion-based film technology and a semi-permeable coating composed of water-insoluble but water-permeable film-forming polymer, plasticizer, and water-soluble polymer. The pharmacokinetic profile of the drug describes the presence of a lag time in drug absorption following the administration[@b40-jpr-7-149] of Ralivia/Ultram ER. The mean C~max~ of the parent compound Tramadol and the principal metabolite (M1) following administration of Ralivia/Ultram ER tablets to healthy volunteers are attained at about 12 hours and 15 hours respectively, after dosing and steady-state plasma concentrations of both Tramadol and M1 are achieved within 4 days with once-daily dosing. The mean terminal plasma elimination half-lives of racemic Tramadol and racemic M1 after administration of Ralivia/Ultram ER are approximately 7.9 and 8.8 hours,[@b40-jpr-7-149] respectively. The reported pharmacokinetics of Ralivia/Ultram ER are approximately dose-proportional over a 100--400 mg dose range" in healthy subjects.[@b33-jpr-7-149],[@b40-jpr-7-149]

With reference to taking Ralivia/Ultram ER with food, available information reveals that Ralivia/Ultram ER may be taken without regard to food and that it simply be taken in a consistent manner.[@b40-jpr-7-149] In a reported pharmacokinetic study after a single dose administration of a Ralivia/Ultram ER 200 mg tablet with a high fat meal, the C~max~ decreased by 28% and the area under curve (AUC)~0-inf~ decreased by 14% respectively, compared to fasting conditions.[@b40-jpr-7-149] A similar observation is made with respect to the T~max~, where it is noted to be increased by 3 hours, from 14 hours under fasting conditions, to 17 hours under fed conditions. Reported studies of Ralivia/Ultram ER have not demonstrated a clinical benefit at a total daily dose exceeding 300 mg.[@b33-jpr-7-149],[@b40-jpr-7-149]

Tridural (Canada)
-----------------

Tridural extended-release tablets, manufactured by Paladin Labs, Inc., (Sait-Laurent, QC, Canada), are available as 100 mg, 200 mg, and 300 mg extended-release tablets. Tridural tablets are comprised of a dual-matrix delivery system with an outer compression coat (containing Tramadol hydrochloride) providing immediate-release characteristics and a controlled-release core containing Tramadol hydrochloride and Contramid®, which provides controlled-release characteristics.[@b41-jpr-7-149]

The pharmacokinetic profile of Tridural extended-release tablets describes the absence of any lag time in drug absorption following oral administration.[@b41-jpr-7-149] Tridural tablets exhibit a plasma concentration versus time profile with a sharp initial slope similar to immediate-release tablets, followed by a sustained release phase. This behavior of Tridural has been attributed to the two phases of drug release from the extended-release tablets. Dose proportionality of Tridural 100 mg, 200 mg, and 300 mg tablets has been demonstrated in single dose studies. Data from a steady-state study with Tridural 200 mg extended-release tablets showed that steady state levels were reached within 48 hours following multiple dose administration.[@b41-jpr-7-149]

With respect to the administration of Tridural extended-release tablets with or without food, it has been reported that coadministration with food did not significantly change the overall exposure to Tramadol;[@b41-jpr-7-149] however, it was observed that C~max~ increased. Administration of Tridural with a high fat meal does not significantly affect AUC; however, C~max~ increased 67% following administration of a single 300 mg tablet and 54% following administration of a single 200 mg tablet.[@b42-jpr-7-149] In all efficacy and safety studies of the drug, Tridural was administered either with breakfast or before breakfast. The dosing recommendation for Tridural tablets is that it should be taken once a day at breakfast.[@b41-jpr-7-149],[@b42-jpr-7-149]

Durela® (Canada)/ConZip™ (US)
-----------------------------

Durela® (CIP-Tramadol), manufactured by Cipher Pharmaceuticals Inc. (Mississauga, Ontario, Canada), is available as 100 mg, 200 mg, and 300 mg extended-release capsules in Canada and the US. The Durela manufacturing technology is novel and unique. The Durela capsules are comprised of an immediate-release tablet and multiple extended-release beads. The extended-release beads consist of a Tramadol core covered with a microporous polymer membrane. All beads are similar and each of them may be considered an individual controlled release system. As the Durela capsule dissolves in the stomach, water crosses the membrane and penetrates into the beads. The water then dissolves a fraction of the Tramadol content and the solute is released from the bead into the gut by osmotic pressure. As this process continues, Tramadol is progressively released at a constant rate until the bead core is depleted of its Tramadol content ([Figure 2](#f2-jpr-7-149){ref-type="fig"}).[@b43-jpr-7-149] The microporous insoluble membrane properties are not affected by the gastrointestinal environment, eg, pH, amount of water, fat content, or peristaltic motility of the gastrointestinal tract ([Figure 3](#f3-jpr-7-149){ref-type="fig"}). This effect is the mechanism that gives Durela its independence from food effect. "All strengths of Durela capsules have been reported to be dose proportional over the 100--300 mg range".[@b31-jpr-7-149],[@b43-jpr-7-149] The pharmacokinetic profile describes the presence of a dual mode of action with Durela extended-release capsules. The immediate-release component in Durela capsules provides the same onset of analgesia as seen with immediate-release Tramadol products. This is followed by the extended-release component of the capsules which provides a consistent release of Tramadol throughout the 24-hour dosing cycle. In one single-dose study comparing Durela (CIP-Tramadol ER) 300 mg capsules versus 300 mg of a marketed formulation of extended-release Tramadol, Durela C~max~ were above 110 ng/mL at 1 hour post-dosing and above 191 ng/mL at the end of 24 hours post-dose. The half-life of Durela has been reported to be approximately 9 hours.[@b31-jpr-7-149],[@b43-jpr-7-149]

To review the effect of taking Durela with or without food, a single dose study with Durela 300 mg capsules reported that based on the pharmacokinetic analysis of Tramadol and the M1 metabolite, Durela (CIP-Tramadol) 300 mg extended-release capsules showed bioequivalence with respect to the rate (C~max~) and extent (AUC) of absorption.[@b44-jpr-7-149] The reported conclusion was that Durela capsules can be administered without regard to meals.[@b31-jpr-7-149] In another single dose study comparing the effect of taking Durela under fed or fasting conditions, the study results demonstrated the presence of bioequivalence of the drug under both fed as well as fasting states, demonstrating the absence of food effect with Durela. [Figure 4](#f4-jpr-7-149){ref-type="fig"} presents the results of the single-dose food effect study following administration of Durela 300 mg capsules dosed under fed or fasting conditions.[@b31-jpr-7-149],[@b43-jpr-7-149],[@b44-jpr-7-149]

Discussion
==========

Despite progress in our knowledge of the pathophysiology of pain, the management of chronic non-cancer pain continues to challenge physicians.[@b47-jpr-7-149] Contemporary, standard pharmacotherapy for the treatment of chronic non-cancer pain includes the use of opioid medication. The aim of opioid medications should be to relieve pain and improve functional capacity and quality of life. Evidence from published literature including the results from controlled clinical trials indicates that opioid medications can relieve pain in a variety of pain syndromes.[@b24-jpr-7-149],[@b25-jpr-7-149],[@b46-jpr-7-149]

A number of drugs have proven to be effective in chronic pain disorders and their use individually or in combination should improve the management of chronic pain. Patients with chronic pain require medications that are able to provide adequate pain relief and have minimum dosing intervals to maintain efficacy, as short dosing intervals carry the risk of breakthrough pain.

Ideally, drugs prescribed for the management of chronic pain should have the attributes of fast or rapid onset and consistent absorption, as well as significant plasma levels at the end of the dosing interval to be able to provide adequate pain relief. Convenience of dosing, ie, having to take the drug with or without meals or certain types of food, may become a burden for patients if they have to take the medication for an indefinite period of time.

Tramadol has been available in the international marketplace for more than 4 decades. Based on experience from numerous clinical studies as well as global post-marketing experience, the efficacy and safety profile of both immediate-and extended-release Tramadol makes it a suitable drug as a long-term treatment for a variety of chronic non-cancer pain syndromes.[@b25-jpr-7-149],[@b46-jpr-7-149] Results from several controlled clinical studies have shown that the efficacy of once-daily or extended-release formulations of Tramadol is similar to other Tramadol formulations for the management of chronic non-cancer pain.[@b38-jpr-7-149],[@b46-jpr-7-149]--[@b50-jpr-7-149] The extended-release or controlled-release formulations of Tramadol allow patients to maintain an acceptable level of analgesia following the administration of a single daily dose.[@b50-jpr-7-149],[@b51-jpr-7-149]

From the safety perspective, data have shown that issues related to drug dependence and tolerance with extended-release Tramadol do not pose a potential safety concern for the patients.[@b43-jpr-7-149] Contraindications to the use of all formulations of immediate- and extended-release Tramadol have been reported to be similar to other opioid compounds. Major contraindications include hypersensitivity to Tramadol and opioids, gastrointestinal obstruction, intoxication with alcohol and hypnotics, concomitant use of central nervous system depressants, psychotropic drugs, monoamine oxidase inhibitors, patients with severe hepatic or renal impairment, acute asthma, airway obstruction, status asthmaticus, and acute respiratory depression.[@b27-jpr-7-149],[@b31-jpr-7-149]--[@b33-jpr-7-149],[@b39-jpr-7-149]--[@b42-jpr-7-149]

During recent years some opioids have been associated with prolonged QT and torsade de pointes (TdP). In vitro testing has shown that most opioids can block the cardiac potassium channels. This indicates that QT prolongation and TdP could be a more general problem associated with the use of these drugs. However, reports from published literature show that Tramadol use at therapeutic levels has not been associated with QT prolongation.[@b53-jpr-7-149]

Review of information has shown that the major Tramadol extended-release formulations available in Canada and the United States -- namely Zytram XL, Ralivia/Ultram ER, Tridural, and Durela/ConZip -- have all been individually reported to possess similar efficacy and safety profiles. However, despite a shared or nearly similar mechanism of action, general differences in pharmacokinetic profiles amongst the formulations differentiate some of the products more than others, which may also translate into varied clinical responses within the same patient populations. Selection of the most appropriate extended-release Tramadol formulation should therefore be based on the patient's individual needs, and lifestyles should be taken into account in the treatment program by health care provider. Some of the points to consider in making a decision about the appropriate treatment option for extended-release Tramadol should be: 1) fast onset of action, ie, the ability to reach the level for effective therapeutic analgesia within the dosing interval; 2) at steady state, the formulation should ensure adequate plasma concentration shortly after dosing and should maintain therapeutic levels throughout the 24-hour dosing cycle, thereby minimizing the risk of breakthrough pain and side effects; and 3) the pharmacokinetic profile of an ideal extended-release Tramadol formulation should not be influenced by taking the drug with or without meals.

[Table 2](#t2-jpr-7-149){ref-type="table"} presents a comparison of the mean steady-state plasma concentrations of Tramadol following the once daily administration of 200 mg of the extended/controlled-release formulation. Comparative data from studies were not available for Zytram XL and Ralivia. A review of the available information for Tridural showed that in one single-dose study with Tridural 200 mg extended-release tablets, the plasma concentration of Tramadol following 1 hour and 24 hours post-dose was observed to be approximately 80 ng/mL and 100 ng/mL, respectively. Available data for plasma concentrations from a similar comparable single-dose study of Durela 200 mg extended-release capsules were observed to be above 100 ng/mL within 1 hour post-dosing and above 117 ng/mL after 24 hours. As reported in published literature, Tramadol plasma concentration of 100 ng/mL has been associated with the onset of perceptible analgesia.[@b54-jpr-7-149] In a steady-state study with Tridural 200 mg tablets, the mean C~min~ value for Tramadol was reported to be 157 ng/mL; in a similar steady-state study with Durela 200 mg extended-release capsules, the C~min~ value for Tramadol was reported to be 165 ng/mL. In steady-state studies, at the end of 24 hours, plasma concentration of Tridural was observed to be approximately in the 100--120 ng/mL range. Observations for Durela 200 mg in steady-state studies showed plasma concentration in the 150--200 ng/mL range ([Figure 5](#f5-jpr-7-149){ref-type="fig"}). Based on the review of the available information, it was observed that Durela seems to possess a number of attributes in its pharmacokinetic profile that significantly differentiates it from the other extended-release Tramadol formulations. Based on available information, the general efficacy and safety profile of all the Tramadol extended-release formulations has been reported to be similar. In this review, Durela is noted to be one of the few truly once-daily-dosing extended-release Tramadol formulations currently on the market, as demonstrated by its fast onset of action; this is based on the presence of a significant immediate-release component, similar to that of immediate-release Tramadol. The release of the drug from the immediate-release component in Durela is followed by its consistent plasma levels throughout the 24-hour dosing interval and the ability to maintain significant plasma levels at the end of 24 hours, differentiating it from other Tramadol extended-release formulations. This aspect of Durela may help in providing the chronic pain patient with adequate plasma concentrations of Tramadol throughout the 24-hour dosing cycle, as well as minimizing the risk of breakthrough pain and side effects.

One of the key aspects in relation to minimizing the incidence of side effects for all of the Tramadol extended-release formulations is to titrate the drug slowly to the next higher dose. It has been reported in published literature that a low initial dose and slow upward titration assist in minimizing adverse events;[@b35-jpr-7-149],[@b52-jpr-7-149] hence a 5--7 day titration period would theoretically be an effective strategy to reduce adverse events in comparison to having a relatively short titration (2--3 day) or no titration at all for patients.

Comparing the once daily extended-release/controlled-release Tramadol formulations, Durela is noted to offer flexibility of dosing with reference to the drug being taken with or without food; it can therefore be taken at any time during the day.[@b31-jpr-7-149] The dosing flexibility of Durela allows patients to take the medication or schedule their drug dosing not with reference to when they take meals, but when the patient needs it most, in relation to their pain control.

In comparing Durela to be dosed with or out food, the pharmacokinetic profile exhibited by another Tramadol formulation, Ralivia/Ultram ER, shows a marked difference between fed and fasted states. Ralivia/Ultram ER is shown to have a reduced C~max~ under the influence of a high fat meal ([Figure 6](#f6-jpr-7-149){ref-type="fig"}).[@b33-jpr-7-149],[@b44-jpr-7-149] In contrast, Tridural (Ryzolt) appears to exhibit the opposite effect, with C~max~ increasing 67% following administration of a single 300 mg tablet and 54% following administration of a single 200 mg tablet.[@b42-jpr-7-149] With reference to interchangeability of the Tramadol formulations, since no direct head to head studies have been conducted and due to differences in the pharmacokinetic properties amongst the formulations, which may translate into varied clinical responses for the patient, it has been reported that the extended-release Tramadol formulations are not interchangeable drug products.[@b27-jpr-7-149],[@b31-jpr-7-149]--[@b33-jpr-7-149],[@b39-jpr-7-149]--[@b42-jpr-7-149]

Conclusion
==========

The review of available literature for the current extended-release/controlled-release formulations of Tramadol shows that all of them possess similar efficacy and safety. This has been demonstrated historically from published clinical studies as well as global post-marketing experience spanning a number of decades. General differences in the pharmacokinetic profile amongst the formulations may translate into important and varied clinical responses in patients. Selection of the appropriate formulation by the health care provider should therefore be based on the patient's chronic pain condition, needs, and lifestyle.
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![Schema of WHO 3-step analgesic ladder.\
**Note:** Data from WHO <http://www.who.int/cancer/palliative/painladder/en/>.\
**Abbreviation:** WHO, World Health Organization.](jpr-7-149Fig1){#f1-jpr-7-149}

![CIP-Tramadol proprietary delivery architecture.\
**Note:** Figure and pharmacokinetic data reproduced with permission from Cipher Pharmaceuticals Inc.](jpr-7-149Fig2){#f2-jpr-7-149}

![Combined delivery mechanisms of CIP-Tramadol in the gastrointestinal tract.\
**Note:** Pharmacokinetic data obtained from Durela® Health Canada product monograph (2011). Figure and pharmacokinetic data reproduced with permission from Cipher Pharmaceuticals Inc.](jpr-7-149Fig3){#f3-jpr-7-149}

![Plasma (±)-Tramadol concentrations (ng/mL) following a single-dose oral administration of CIP-Tramadol ER capsules (300 mg).\
**Note:** Figure and pharmacokinetic data reproduced with permission from Cipher Pharmaceuticals Inc.](jpr-7-149Fig4){#f4-jpr-7-149}

![Mean steady-state Tramadol plasma concentration of CIP-Tramadol ER capsules 200 mg once daily.\
**Note:** Figure and pharmacokinetic data reproduced with permission from Cipher Pharmaceuticals Inc.](jpr-7-149Fig5){#f5-jpr-7-149}

![Pharmacokinetic comparison of CIP-Tramadol and Ultram ER under fed and fasted conditions.\
**Note:** Figure and pharmacokinetic data reproduced with permission from Cipher Pharmaceuticals Inc.](jpr-7-149Fig6){#f6-jpr-7-149}

###### 

Tramadol extended or controlled release formulations available in Canada/United States (as of November 2013)

                            Zytram XL®                                         Ralivia™/Ultram® ER         Tridural®                     Durela®
  ------------------------- -------------------------------------------------- --------------------------- ----------------------------- ---------------------------
  Distributor               Purdue                                             Valeant                     Paladin                       Medical Futures Inc.
  Manufacturer              Purdue                                             Valeant/PriCara-Janssen     Labopharm                     Cipher
  Formulation               Extended-release 24 hours                          Extended-release 24 hours   Controlled release 24 hours   Extended-release 24 hours
  Dose strength available   75 mg, 100 mg, 150 mg, 200 mg, 300 mg and 400 mg   100 mg, 200 mg and 300 mg   100 mg, 200 mg and 300 mg     100 mg, 200 mg and 300 mg
  Max dose                  400 mg                                             300 mg                      300 mg                        300 mg

**Note:** Zytram XL® (Purdue Pharma, Pickering, ON, Canada); Ralivia™ (Valeant Pharmaceuticals, Laval, QC, Canada, trade name Ultram® ER in the US); Tridural® (Labopharm Inc., Laval, QC, Canada); and Durela® (trade name Conzip™ in US), Cipher Pharmaceuticals Inc., Mississauga, Ontario, Canada.

###### 

Mean steady-state plasma concentrations of Tramadol following the once-daily administration of 200 mg of the formulation

  Parameter            Zytram XL®   Ultram® ER   Tridural®   Durela®
  -------------------- ------------ ------------ ----------- ---------
  AUC~0--24~ (ng/mL)   NA           5,975        5,991       6,600
  C~max~ (ng/mL)       NA           335          345         364
  C~min~ (ng/mL)       NA           187          157         165
  T~max~ (hour)        NA           12           4.0         9.7

**Note:** Zytram XL® (Purdue Pharma, Pickering, ON, Canada); Ralivia™ (Valeant Pharmaceuticals, Laval, QC, Canada, trade name Ultram® ER in the US); Tridural® (Labopharm Inc., Laval, QC, Canada); and Durela® (trade name Conzip™ in US), Cipher Pharmaceuticals Inc., Mississauga, Ontario, Canada.

**Abbreviations:** AUC~0--24~, area under curve; C~max~, peak plasma concentration; C~min~, minimum plasma concentration; T~max~, time to maximum concentration.
